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Fig. 1. X-ray photographs of radii and ulnae from two raccoons. Photograph on the left shows bones of an animal ap- 


proximately 14 months o'd with broad epiphyses (arrows). 
months old with closed epiphyses (arrows). 


Photograph on the right shows bones of an animal approximately 26 


TECHNIQUES FOR DETERMINING AGE OF RACCOONS* 


For more than a decade, it has been possible to sepa- 
rate both living and dead male raccoons (Procyon lotor) 
into adult and juvenile classes, from at least the begin- 
ning of the hunting season each year through the follow- 
ing January, by examination of the penis (Sanderson 
1950:395-6). Also, it has been possible to separate 
dead males into juvenile and adult classes by the penis 
bone alone (Sanderson 1950:392-5). A criterion for 
separating female raccoons into adult and juvenile 
classes has not been available until recently, when it 
was demonstrated (Sanderson 1961) that the lens of the 
eye can be used for age estimation in dead raccoons, 
both males and females. This criterion is especially 
useful for determining the month of birth of raccoons 
less than 1 year old. 

The primary purpose of the present paper is to 
report on one phase of extensive raccoon studies now 
being made in Illinois: new methods which have been 
established for separating males and females into ju- 
venile and adult age classes. In this paper, juvenile 
refers to an animal less than | year old and adult to an 
older animal. A secondary purpose of this paper is to 
report on progress toward developing methods for esti- 
mating the ages of raccoons of both sexes to such a 
degree that during the hunting and trapping season the 
animals may be separated into more than two age classes. 
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MATERIALS AND METHODS 

Several raccoons of known ages, exact or approxi- 
mate, were kept in outdoor cages at Urbana, and vari- 
ous characteristics associated with age were studied. 
Some of the animals had been born in captivity; their 
exact ages were known. Others had been captured as 
juveniles; their ages at the time of capture were esti- 
mated. Most of the captured animals had been taken 
in Champaign, Edgar, or Piatt counties, in east-central 
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Illinois; some had been taken in Carroll County, in 
northwestern Illinois. 

Studies made on captive animals were supplemented 
by observations made on raccoons living in the wild. 
Several juvenile raccoons were live trapped on the 
Robert Allerton Park study area near Monticello, Piatt 
County, in east-central Illinois. Their ages were esti- 
mated, and the animals were marked and released at 
the points of capture. When one of these marked ani- 
mals was killed by a hunter or trapper and made avail- 
able for examination, it was studied in order to see if 
there were significant differences between wild and 
captive raccoons in the characteristics under considera- 
tion for estimating ages. 

The principal guides used for aging raccoons were, 
for animals of both sexes, (1) body weight, (2) the de- 
gree of ossification of the epiphyseal cartilage of the 
radius and ulna, fig. 1, and, for the male, (3) the 
size and degree of ossification of the penis bone or 
os baculum. The mean date of birth for raccoons in the 
northern half of Illinois was used to assign an approxi- 
mate age to juvenile raccoons of both sexes that were 
not weighed or that were taken after November 1. 

Body weight, the first guide or criterion investigated 
for aging raccoons, was studied in both captive and 
wild individuals. Several young raccoons born in cap- 
tivity were weighed at irregular intervals until they were 
6 months of age, and their weights in relation to their 
ages were plotted on a graph, fig. 2. Each of these 
young born in captivity was removed from its mother 
at some time prior to 2 months of age. Weaning at an 
early age was made necessary by the requirements of 
another phase of the raccoon studies; young raccoons 
normally nurse for about 4 months. It is believed that 
captive and wild raccoons that are nursing show similar 
rates of gain in weight. The weights of captive young 
subsequent to weaning showed that the average weight 
gains were greater for captive than for wild young. 
Therefore, in the first step in estimating the ages of 
wild raccoons, only the weights of captives previous to 
weaning were used. 

A line was fitted by eye to the points on the graph 
representing the weights of the nursing raccoons born 
in captivity. The weights of these captives took the line 
on the chart up to 2 pounds. Points representing the 
weights of captured young raccoons born in the wild 
and weighing less than 2 pounds at initial capture 
were placed on the line established for the nursing 
raccoons. The age of each of the wild animals at 
capture was estimated by reference to the point at 
which a vertical line drawn through its weight point 
intersected the base line of the graph. These wild 
young were released at the places of capture after they 
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tween the sexes were not found. 


had been marked. They were weighed at each recapture 
and their weights were plotted on the graph at the 
proper intervals. All points on the graph up to 3 pounds 
were then used to construct a new line by eye. The 
weights of all raccoons which weighed more than 2 but 
less than 3 pounds the first time they were captured 
were then placed on the recently established line and 
the ages of these animals were estimated. These animals 
also were weighed at each recapture and their weights 
were plotted on the graph at the proper intervals. All 
points on the graph up to 4 pounds were then used to 
construct a new line by eye. A similar procedure was 
repeated for each 1-pound weight class up to 7 pounds. 

The first lines drawn for each 1-pound weight class 
were then ignored, and a new line was established by 
plotting the mean weights within each pound class in 
relation to the mean estimated age of the animals, fig. 2. 
The line established in this manner provided the basis 
for determining the ages for all juvenile raccoons up to 
7.0 pounds of weight when taken prior to November 1. 
These weight-time limitations were arbitrary, but, up 
to November 1, juvenile raccoons are rather easily 
recognized by weight, conformation, pelage, appearance 
of the nipples in the females, and development of the 
penis in males (Sanderson 1950:395—-6). After Novem- 
ber 1, some juveniles reach adult weights, and some 
adults lose weight because of critical food conditions 
at this time and the fact that raccoons may remain in 
dens and without food for several days during periods 
of severe weather. Significant weight differences be- 
It was concluded that 
age could be estimated in months, on the basis of body 
weight, for male and female raccoons weighing 7 
pounds or less and caught prior to November 1. 

If an animal could not be classified as a juvenile 
when first caught, its minimal age was determined. 
For example, a lactating female or an adult male caught 
in July would have a minimal age of 15 months. 
In Illinois, raccoons do not breed until they are approxi- 
mately 10 months of age or older. Because most rac- 
coons in the northern half of Illinois are born during 
April, this was assumed to be the month of birth when 
exact information was not available. Of course, an 
animal might have been 1 or more years older than its 
minimal age. 

The epiphyseal cartilage, the second criterion inves- 
tigated as a possible means for estimating age in rac- 
coons, was studied in both living and dead animals. 
The age classification of epiphyseal cartilages used here 
is adapted from that of Hale (1949:217) for cotton- 
tail rabbits (Sylvilagus floridanus). Unless otherwise 
indicated, references to epiphyseal cartilage apply only 
to that of the ulna and the radius. 

Epiphyseal closure was studied in several captive 
raccoons of known ages by photographing their radii 
and ulnae by X-rays. Photographs were taken at irregu- 
lar intervals until the epiphyseal cartilage disappeared. 
Live raccoons were anesthetized prior to being photo- 


graphed, but no special preparation was needed for the 
occasional dead 
graphed. An intraperitoneal injection of pentobarbital 
sodium (nembutal), at the rate of 1 per 4 pounds 
of body weight, produced deep anesthesia in most rac- 


raccoon whose epiphyses were photo- 


coons within 5 to 10 minutes. 
taken at a distance of 
milliamperes, with an exposure of 
were developed by routine methods used for regular 


The photographs were 
at 92 kilovolts and 10 
4.5 seconds. They 


30 inches, 


film, and the negatives were examined. 

Broad bands of epiphyseal cartilage are present in 
The cartilage plates 
are replaced by bony tissue as the raccoon grows older. 
All epiphyseal plates examined directly or by X-ray 
photographs were classified as closed, thin, or broad. 
Closed means that no cartilage is present. Broad indi- 
cates a thick plate of epiphyseal cartilage. When bones 
in this stage of development are cleaned, the epiphysis 
or head either separates from the shaft or is only loosely 
attached. In an X-ray photograph, space appears be- 
tween the head and shaft of the bone. Thin indicates 
an intermediate condition between closed and broad. 
In bones in this condition, the head remains attached 
to the shaft after cleaning, but a groove indicating the 
presence of cartilage is readily visible. In an X-ray 
photograph the cartilage appears as a shadow, but there 
is no space between the head and the shaft of the bone. 

Bones from dead raccoons of known ages 
cleaned by boiling, and then the epiphyseal plates were 
examined directly. 

Each time the epiphyses of a raccoon were photo- 
graphed by X-ray, the animal’s age, actual for an 
animal born in captivity and estimated for one born in 
the wild, was recorded. Not Ss of the 
were included in tables 4 and 5. In a raccoon whose 
epiphyses were photographed more than once, only the 
maximum age at which broad epiphyses were evident, 
only the minimum and maximum ages at which thin 


the leg bones of a young raccoon. 


were 


observations 


epiphyses were evident, and only the minimum age at 
which epiphyseal closure was evident were included in 
these tables. Several captives were repeatedly photo- 
graphed by X-rays to determine when the epiphyseal 
cartilage disappeared. These repeated observations of 
the same animals made it possible to determine the 
length of time thin epiphyses were present in indi- 
viduals. 

The penis bone, 
gated, was studied in dead males. 


the third aging criterion investi- 
When a male, 
captive or wild, of known age died, its penis bone was 
collected. A fresh baculum was cleaned easily by scrap- 
ing with a pocket knife. A dried baculum was best 
cleaned by scraping after being boiled in water. After 
it was cleaned, the baculum was examined for indica- 


either 


tions of age, including photographing by X-rays in some 
cases. The critical points examined for age estimation 
were degree of ossification of the distal tip and, in some 
cases, the degree of ossification of the basal end of the 
bone. 
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Fig. 3. — Bacula and epiphyses in raccoons of various estimated ages. 


No. 84: captive, 35 months old, adult-type baculum, 
closed epiphyses. 

No. 119B: wild, 20 months old, adult-type baculum, thin 
epiphyses. 

No, 87: captive, 19 months old, adult-type baculum. 


No. 121: wild, 19 months old, intermediate baculum, 
thin epiphyses. 
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Grid squares represent one-half inch. 


No. 207: captive, 10 months old, intermediate baculum, 
broad epiphyses; reared as a pet until 9 months of 
age. 

No. 219: wild, 15 months old, intermediate baculum. 

No. 319: captive, 12 months old, juvenile-type baculum. 


No. 147: wild, 10 months old, juvenile-type baculum, 
broad epiphyses. 


—— - 


A few captive raccoons of both sexes ranging in age 
from 2 to 17 months were castrated to permit study of 
the effects of castration on closure of the epiphyses in 
animals of each sex and on development of the bacula 
in males. 

The average date of birth calculated for raccoons in 
the wild was used to arbitrarily assign an age to a 
raccoon found to be juvenile by X-ray of epiphyseal 
cartilage where (1) the body weight of an animal was 
not available; (2) the animal weighed more than 7.0 
pounds; or (3) the animal was caught after November 
1. Actual or approximate birth dates were determined 
for 17 litters conceived in the wild in the northern half 
of Illinois during 1958, 1959, and 1960. Four of the 
17 litters were born in captivity. Potential birth dates 
for the other 13 litters were estimated by measuring 
embryos in females as described by Llewellyn (1953: 
$21); most of the females examined were found dead 
along highways. The average date of birth for raccoons 
in the northern half of Illinois was assumed to be the 
same as that calculated for these 17 known or esti- 
mated dates of birth. 


RESULTS 


Most raccoons in the northern half of Illinois are 
born during April, table 1. The mean birth date, actual 
or potential, for 17 litters conceived in the wild was 
April 16; the earliest birth date was March 9, and the 
latest June 10. 

The mean birth date for six litters conceived and 
born in captivity was April 26. The monthly distribu- 
tion of these birth dates is shown in table 1. The 
earliest birth date for a litter conceived in captivity was 
March 16, and the latest was June 3. 

Although 160 wild female raccoons were examined 
for pregnancy during January, and several were ex- 
amined during February, July, and August, table 1, 
only one pregnant female was observed during these 4 
months, and this one, when examined on February 25, 
appeared due to give birth in about 3 weeks. 

Age Estimation by Weight. — Although there were 
no significant weight differences between males and fe- 
males, birth weights and growth rates of young captive 
raccoons varied among individuals. The weight varia- 
tions were probably influenced by the number of young 
per litter, the mother’s capacity to produce milk, soil 
types of the habitats, the availability of food other than 
milk, and individual genetic differences. Nevertheless, 
weights were useful im estimating the ages of juvenile 
wild raccoons weighing up to 7 pounds. The growth 
rates of 33 captive raccoons, reared in central Illinois 
up to 2 months of age, table 2, were similar to those 
reported by Hamilton (1936:136). The average 
weights of 60 wild raccoons which were caught in live 
traps two or more times each are presented in table 3. 
The interval between weighings varied from 1 to 119 
days (mean = 30 days), and the data obtained encom- 
passed weight changes that ranged from a 2.7-pound loss 


in 63 days to a 6.8-pound gain in 116 days. The weights 
of these animals ranged from 1.4 to 7.0 pounds at the 
time of initial capture, which occurred between June 
28 and October 29. 

If body weight indicated that a raccoon was born 
prior to March 1 (as occasionally happened), March | 
was considered to be the birth date, because few, if any, 
raccoons are born prior to this date in the northern 
half of Illinois. As an example, one male weighed 4.2 
pounds when caught on July 10, indicating an age of 
4.5 months, fig. 2. The weight at date of capture would 
indicate February 15 as the date of birth. 
of February 15, the date of birth was recorded as March 
1 and the age as 4 months. 

Data in table 3 suggest that the growth curve of 
young raccoons in the wild rises slowly during July, 
August, and the first half of September in central Illi- 
nois when most of these animals are 121 to 180 days 
of age. Of 87 young animals retrapped one or more 
times each in the wild during this period, 9 (10 per 
cent) weighed the same as they did when first trapped, 
and 26 (30 per cent) had lost weight. 

The average growth rate of captive young of 2.54.5 
months of age appears to be somewhat greater than 
that of wild raccoons of similar ages. This difference 
in growth rates probably reflects the abundance of high 
quality food easily available to the captives. When cap- 
tives were weaned at 2 months of age or younger, 
weaning was followed by slow growth for about a month, 
probably reflecting adjustment to the new diet. 

Age Estimation by Epiphyseal Development. — 
X-ray photographs and/or direct examinations of radii, 
ulnae, and some humeri of 45 intact male raccoons, 
some wild and some captive, revealed that: (1) a 
broad plate of epiphyseal cartilage was present between 
the diaphysis, or shaft, and the epiphysis, or head, fig. 3, 
of each radius and ulna in 35 males ranging from 4 to 
15 months of age, 9 being 13-15 months of age, table 4; 
(2) thin epiphyses were present in 17 males ranging 
from 13 to 17 months of age, but only 3 males in this 
group had thin epiphyses after 19 months of age, and 
4 had thin epiphyses at 13 months of age; and (3) that 
the epiphyses closed in 12 males after they were 15 
months of age and before they reached 30 months of 
age. One male had closed epiphyses when he was first 
X-rayed at 14 months of age. Eight had epiphyses 
which closed some time after the animals reached 15 
months of age and before they reached 20 months of 
age; the epiphyses of 2 males were closed at the time 


Instead 


they were first examined, at 20 and 21 months of age, 
and the epiphyses of another male were not closed at 
27 months of age but were closed at 29 months of age. 
In this study, 11 of 19 males which were 16-22 months 
old had closed epiphyses; 8 had thin epiphyses. All 
males with closed epiphyses were 14 months of age or 
older. Although considerable 
variation, there appeared to be no significant difference 


there was individual 


in time of epiphyseal closure in wild and captive males. 
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Table 1. — Months of birth of raccoons in the northern half of Illinois, as determined by actual births or as estimated from exami- 
nation of embryos. 


Number of Litters Conceived in 


Number of Litters Conceived in the Wild That Had Actual 
laptivity That Were Born Number of Wild or Potential Birth Date in 
Month in Month Designated Females Examined * Month Designated? 
JEWEN os bone oan to ba dnt commober aeoa ume 0 160 0 
Bebruanyanen eng c Ceri entta eine actiaamaietne 0 6 0 
IN Eire alo eat tonic ne etre ea cuctamres te Moi SES Cie ot 2 15 
YN chs tls Wai cutnie mice Bere me Gee menciais Sn Ue o 1 18 11 
IME ard olitathtae aon Damon mon Eamon. Got ponents 2 9 1 
i [eit ea dee San cra momen Ge oano odes ao muak 1 5 1 
tic oie Honus Eotottomocaopgosaor aceon GD 0 11 0 
INTRA POs Coop Ondoce omar Cae aU as Pa o.oo o 0 4 0 


* Many nonpregnant, adult females examined in the period April-August were lactating. 
+ Dates of potential birth were estimated as described by Llewellyn (1943) for all but four litters, which were born in captivity. 


Table 2. — Average body weights of captive raccoons of known ages, by 2-week intervals; 33 individuals were involved. The average 
date of birth of these raccoons was April 16. 


Number Average Standard Standard Deviation 

Age of Animals Weight in Deviation of of the Mean 
in Days Weighed Pounds the Sample (Standard Error) 
NURSING 
esti er ewan pith eee Groin tose wine ts Grobe eee oskerecls 7 0.1 0.05 0.02 
GHB 0) pach sues eieteie cane: oreicie Gav a ams Appear «See cimboree rete Take 19 0.7 0.33 0.08 
PEAS aA Bie, cas sacra Sie aes PRINS Se ict ates GHPagOS 12 0.9 0.53 0.15 
AG=O0 rete pers ot cut URS cussion otter Teh e e Cle Satie 3 2.0 0.17 0.14 
NO LONGER WITH FEMALES 
GHD ee tae Ciena Eee aS Ce Ona OO rar a 1 0.6 
A erence te cis esis ea oacuare cures eee eire caecavoeas aie sovenetat 1 0.6 e¢ its 
AG=G Ole epee ah Arsen hesciskare Rae re eae Ae Ee ees 8 1.9 0.12 0.34 
lS TiGTe n picnSicinto aio Meaeveromeatietnii nh choad Gin aio cpt tical Oc 26 2.2 0.19 0.04 
DO=9 Oise meence naeet totees. orceede te esw oie: eet ual sippepsietsnsssnstaes allay 28 She 0.17 0.91 
SN Dis ety Meter a len S8 eleven Nadie shars oa aaa tae osoreeesen 21 4.0 0.21 0.96 
NO G=2 Olean eevee 2 crete ere ees g tere apse deere cress W 4.1 0.27 0.72 
PIA as Grane ce ieee era engi ernie ernest Ae 10 Gat 0.24 0.77 
SOAS OR isse cise SUS ac Pea Ohare ee ea Reena 10 6.3 0.24 0.74 
MSG Okra tecrtveratt en 2 sun ans cesta Gave emarave cbarecsbayUaror stares 2 6.8 0.06 0.63 
IGA ee Gites aeeemcn Caton Moc. ack arin ien cere ae 4 6.8 0.42 0.84 


Table 3. — Average body weights of wild raccoons that were caught in live traps two or more times each; 60 individuals were involved. 
The age of each animal the first time it was caught was estimated on the basis of its body weight. 


Number Average Standard Standard Deviation 

Age of Animals Weight in Deviation of of the Mean 
in Days Weighed Pounds the Sample (Standard Error) 
A On epeyacs cts vetoed hata ene leti = ateemonetoieLoe Lois cnePeReFsRens Oke 1 Nail owas 2 dere 
AG= GOK aoe are aisles egpistens ceeb tehey sicishot ces Sine eaT Leteneyeaveter eke 4 Weg) 0.43 0.21 
(SEY Digra eee ee 4 bg amip in ota pie fork Cae sree 8 25 0.44 0.15 
SSS iow saa tire aoticiald Guo mae HOB C CSCO Rte > AOR OOe 25 Dei 0.36 0.07 
QUT OS 5 tive sot dias aus lacionsnsge vote 3 ee etelerete aac) é lero siete pomete 24 2e9 0.43 0.09 
MOGSUZOS, oh fevd-e etanae sacieretete oats = ares rete Os a aw, cite 28 3.5 0.73 0.14 
DANSE ere cussed & arcade ie hed eresntofeaieanct sre ii atte eine 18 4.0 0.96 0.23 
TSOH M5 Os oteatote coals ehoker ahs has Meese mneore rere omtaere 15 4.2 0.43 0.11 
ST SUG Se trun <cten teehere opeenmttr peti ee as © 14 5.4 1.24 0.33 
TOO=TS 0... - aheacnssscec sl ohare uuipetevacge w roape Oe un ene 15 5.4 1.38 0.36 
SDT OG i troee watt wisn cxahernPlee cere auaRee fis uast reeds m statins 8 ied 1.05 0.37 
WO G Di Ore Na ccenrssst ten een aa aiebin wee cc. susetu mires te his 8 Wine 1.08 0.38 
PRINS PA Yes ea gee ALT et sn Ven ed or oe IITBC CMa US Oe 3 10.2 0.60 0.35 
ZOO — 2A iE Ren nto wie sercienulo eo heii! sists eee iris 4) as 4 9.2 1-05 0.57 
(XM DAs on eke SCO a ET AN Cate oe DOR TIC as ae 
PHC =Y AD ERS PSC Aind CUSEENS leet d On aK IO TO SOE 1 dE) 
HEIR SA tao OPIS ee ATOR Meng CO oe ORT SIO 1 6.0 on 
ZEO—SO0 se manncoelrntcse Wehesy a tenvoya tear Cnike aera heretee 2 8.8 0.99 0.70 
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Table 4. — Numbers of male raccoons observed with broad, thin, or closed epiphyses at various months of age; 45 intact and 7 cas- 
trated individuals were examined one or more times each. Ages were estimated for all but 7 individuals, whose ages were known. Num- 


bers designating castrated animals are in parentheses. 


Epiphyseal Condition * 


Epiphyseal Condition * 


Months Months 

of Age Broad Thin Closed of Age Broad Thin Closed 
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*In an animal whose epiphyses were photographed more than once, only the maximum age at which broad epiphyses were seen, only the minimum 
and maximum ages at which thin epiphyses were evident, and only the minimum age at which epiphyseal closure was detected are included in this table. 


+ One animal reared as a pet is included in this number. 


i Table 5. — Numbers of female raccoons observed with broad, thin, or closed epiphyses at various months of age; 52 intact and 7 cas- 
_ trated individuals were examined one or more times each. Ages were estimated for all but 2 individuals, whose ages were known. Num- 


bers designating castrated animals are in parentheses. 
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*In an animal whose epiphyses were photographed more than once, only the maximum age at which broad epiphyses were seen, only the minimum 
and maximum ages at which thin epiphyses were evident, and only the minimum age at which epiphyseal closure was detected are included in this table. 


+ The ulnae in this animal had closed. 


X-ray photographs and/or direct examinations of 
radii, ulnae, and some humeri in 52 intact female 
raccoons, some wild and some captive, revealed that: 
(1) a broad plate of epiphyseal cartilage was present 

between the diaphysis and the epiphysis of each radius 
and ulna in 45 females ranging from 2 to 17 months of 
age, 44 being 15 months of age or less, and 1 being 17 
months old, table 5; (2) thin epiphyses were present in 
23 females ranging from 14 to 31 months of age, some 
of these animals retaining them for periods varying 
from 4 to 11 months, and 9 females in this group had 
thin epiphyses after 19 months of age, but none had thin 
epiphyses at 13 months of age; (3) the ulnae were 
closed and the radii thin in 1 captive, nulliparous fe- 
male approximately 31 months of age; and (4) epi- 
physeal closure occurred in 6 females after they reached 


the age of 18 months but before they reached 31 months 
of age. These data from females show an extensive 
variation in epiphyseal development as related to age, 
but the age range within which epiphyses closed in 
captive females did not differ from that in wild females 
in the small number of raccoons available for examina- 
tion. In two parous, captive females of unknown ages, 
the epiphyses closed when one was at least 39 months 
of age and the other at least 42 months of age, but 
these animals are not shown in table 5 because only 
animals of known ages were listed there. 

During the hunting and trapping season in Illinois, 
epiphyseal plates of the radii and ulnae furnish an ade- 
quate means of separating females into adult and 
juvenile age classes. Most females found with broad 
epiphyses at this season were juveniles (4-10 months). 
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The only exception was one wild female which still had 
broad epiphyses at approximately 17 months of age, 
table 5. If the entire carcass of this female had been 
examined she would have been placed in the adult age 
class because she was parous. Field data collected in 
the northern half of Illinois during the 1959-60 and 
1960-61 hunting and trapping seasons show somewhat 
comparable results. Only 3 of 140 females with stimu- 
lated nipples (parous females and those which under- 
went pseudopregnancy) had broad epiphyses. A ma- 
jority of the adult, wild, nulliparous females, identified 
by thin or closed epiphyses and no placental scars in 
their uteri, are 16-22 months of age at this season. In 
the wild in Illinois, only a few females older than 22 
months are nulliparous, because few female raccoons in 
this state fail to become pregnant in a breeding season 
after they are more than | year of age. 
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Observations made on seven castrated females were 
inconclusive, table 5. The epiphyses of one castrated 
female were thin when the animal was 24 months of 
age and closed when she was 26 months of age. Those 
of another castrated female were thin when the animal 
was 21 months of age and closed when she was 30 
months of age. A third castrated female had thin 
epiphyses when she died at 23 months of age. 

In raccoons, epiphyseal cartilage plates in humeri 
close somewhat later than in radii and ulnae. Two ani- 


mals had thin plates in their humeri 3 months after the 
epiphyses of their radii and ulnae had closed. In four 
other animals, epiphyseal plates in the humeri were 
closed 4-9 months after closure in the radii and ulnae; 
no examinations were made in the intervening periods. 
It appears that epiphyseal plates in humeri close 3-9 
months after they close in the radii and ulnae. Epiphys- 


Fig. 4. — Juvenile-type bacula from raccoons 5 to 7 months of age showing the effects of age and castration on development. 


Grid squares represent one-half inch, 
No. 233: captive, 5 months old. 
No. 302: wild, estimated 5 months old. 


No. 226: captive, 5.5 months old. 
No. 228: captive, 5.5 months old. 


No. 225: captive, 6 months old, castrated. 


No. 235: captive, 6.5 months old. 

No. 50: captive, estimated 7 months old. 
No. 117: wild, estimated 7 months old. 
No. 292: wild, estimated 7 months old. 
No. 234: captive, 7 months old, castrated. 


eal plates in the radii and those in the ulnae of indi- 
vidual animals were, with a few exceptions, at similar 
stages of development. Two animals were found in 
which epiphyses of the radii were closed, but those of 
the ulnae were thin. In another animal, the epiphyseal 
plates in the ulnae closed before closure occurred in the 
radii. 

After the epiphyseal plates close in raccoons they 
remain closed. This was indicated in several captives 
of both sexes which were maintained in captivity up to 
more than 2 years after their epiphyseal plates had 
closed. Repeated X-rays of the same animals indicated 
that castration, various hormone treatments, and preg- 
nancy caused no noticeable differences in the epiphyseal 
plates after they were closed. 

Age Estimation by Sexual Characters. — Although 
penis bones may usually be used during the hunting 
and trapping season to classify males as juveniles or 
adults (Sanderson 1950:392), a small percentage of 
bacula at this season are intermediate between the 
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juvenile and the adult condition. More of these inter- 
mediate bacula were seen in some years than in others, 
the number perhaps depending partly on how early the 
litters were born. For example, for the 1957-58 hunting 
and trapping season, 95 of 3,466 bacula examined, or 
nearly 3 per cent, were classified as intermediate. In 
1958-59, 178 of 3,174, or nearly 6 per cent, and in 
1959-60, 175 of 4,577 bacula, or nearly 4 per cent, 
were Classified as intermediate. Because the writer has 
had considerable experience using bacula for aging 
raccoons and has intermediate bacula from both adults 
and juvenile raccoons of known ages available for com- 
parison, only 19 of these 10,197 bones, or approximately 
0.2 per cent, could not be classified as to age. As a 
rule, bacula classified as intermediate in age are more 
porous at the base if from juveniles, fig. 3 (No. 207), 
than if from adults, fig. 3 (Nos. 121 and 219): 
does not show well in photographs, 

Wild male No. 121 was approximately 19 months of 
age when killed, but the conformation of his baculum. 


porosity 


Fig. 5.— Bacula from raccoons 8 to 11 months of age showing the effects of age and castration on development. Grid 
Squares represent one-half inch. All bacula except Nos. 207 and 308 are of the juvenile type. 


No. 145: captive, estimated 8 months old. 
No. 189: wild, estimated 8 months old. 

No, 270: wild, estimated 8 months old. 

No, 194: wild, estimated 9 months old. 

No. 147: wild, estimated 9 months old. 

No. 279: captive, estimated 9.5 months old. 


No. 207: captive, estimated 10 months old, intermediate- 
type baculum. 

No. 209: captive, estimated 10 months old, castrated. 

No. 308: captive, estimated 11 months old, adult-type 
baculum; reared as a pet until 5 months of age. 


fig. 3, was of no value in determining the age class. 
The baculum was somewhat porous at both the base 
and tip; yet the tip appeared to be too much ossified 
to be that of a juvenile but not sufficiently so to be that 
of an adult. Captive male No. 207 was approximately 
7 months of age when killed. This animal also could 
not be classified accurately by the baculum. When 
placed side by side, the bacula, fig. 3, of these two 
males appear to be from animals of the same age class, 
although the bone from male No. 121 is somewhat 
longer than that from No. 207. Wild male No. 219, 
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Fig. 6.— Bacula from raccoons 12 to 46 months of age showing the effects of age and castration on development. Grid 
squares represent one-half inch. All bacula except Nos. 319, 219, 121, and 59 are of the adult type. 


No. 319: captive, estimated 12 months old, juvenile-type 
baculum. 


No. 219: wild, estimated 15 months old, intermediate- 
type baculum. 


No. 146: captive, estimated 18 months old; reared as a 
pet until 6 months of age. 


No. 87: captive, estimated 19 months old. 


No. 121: wild, estimated 19 months old, intermediate- 
type baculum. 
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approximately 15 months of age, also had a baculum, 
fig. 3, which could not be classified as adult or juvenile, 
but the base was slightly more porous than that of male 
No. 207. Male No. 308, reared as a pet until approxi- 
mately 5 months of age, had a baculum, fig. 5, of the 
adult type at 11 months of age. ' 

The ages of these animals (Nos. 121, 207, 219, and 
308) were accurately indicated by the epiphyseal plates 
of their radii and ulnae. One male (No. 121, fig. 3). 
approximately 19 months of age, had thin epiphyses, 
while two males (Nos. 207, fig. 3, and 219, not shown), 
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No. 200: wild, estimated 21 months old. 


No. 51: wild, estimated 21 months old. 

No. 59: captive, estimated 22 months old, castrated. 
No. 138: captive, estimated 23 months old. 

No. 82: captive, estimated 34 months old. 

No. 84: captive, estimated 34 months old. 

No. 13: captive, estimated 46 months old. 


Fig. 7. — Nonextrusible penis, characteristic of a juvenile 


and adult age classes is discussed by Sanderson (1950:395-6). 


7 and 15 months of age respectively, had broad 
epiphyses. Male No. 308 had broad epiphyses (not 
shown) which were typical of males 10-13 months of 
age, indicating that epiphyseal closure and development 
of the baculum do not necessarily correspond. Bones 
shown from several other males revealed the conditions 
usually found. Two males (No. 147, fig. 3, and No. 319, 
not shown), 10 and 12 months of age respectively, had 
broad epiphyses and juvenile-type bacula, fig. 5. Two 
other males (No. 87, not shown, and No. 119B, fig. 3), 
19 and 20 months of age respectively, had thin epiphyses 
and adult-type bacula, and one male (No. 84, fig. 3), 
whose baculum was also of the adult type, had epiphyses 
which closed at approximately 17 months of age. 

X-ray photographs taken of several bacula from 
animals of known ages indicate that X-ray examination 
would place each male in the same age class it would 
be placed by visual examination of the baculum. Each 
baculum X-rayed from animals 10 months of age or 


raccoon. The penis as a means for separating males into juvenile 


less showed the absence of a dense layer of bone on the 
surface of the basal end. Some males 19-33 months old 
had bacula which showed the absence of a dense layer 
only at the extreme basal tip of each baculum, while 
others 18 and 23 months of age had bacula with a 
dense layer completely surrounding the bone. Further 
study might reveal some correlation between age and 
the relative thickness of the dense and spongy layers of 
bone at the basal end of the baculum. 

The level of sex hormones appears to affect enlarge- 
ment of the preputial orifice and maturation of the 
penis bone and perhaps has a slight effect on the age at 
which the epiphyses close. Bacula from captive rac- 
coons of known ages indicate that sex hormones have 
little or no effect on development of the bacula prior to 
the time the animals are 7 months of age. Fig. 4 shows 
bacula of raccoons of 5—7 months of age; Nos. 225 and 
The effect of lack of 
sex hormones in a castrated male 10 months old (No. 


234 are from castrated males. 


Fig. 8. — Extrusible penis, characteristic of an adult raccoon. 


209, fig. 5) is reflected by its baculum, which is much 
shorter and thinner than the bacula from intact animals 
8-11 months of age, fig. 5. Castrated male No. 59, 
fig. 6, still had a nonextrusible penis and a small bacu- 
lum at 22 months of age. The bone of this animal is 
only slightly longer and heavier than the bone from the 
castrated raccoon 10 months of age (No. 209, fig. 5) ; 
it is much shorter and thinner than bacula from intact 
males 18-23 months of age (Nos. 146, 87, 121, 200, 51, 
and 138, fig. 6). Although the photograph does not 
show it well, the baculum from the castrated raccoon 
22 months of age (No. 59, fig. 6) was dense like an 
adult bone and not spongy at the base, as are bacula of 
similar size from raccoons 12 months of age or younger. 

A method described several years ago (Sanderson 
1950: 395-6) 
two age classes based on whether the penis can be 
easily extruded through the preputial orifice was still 
found to be useful. 


for placing males, living or dead, into 


For intact males, a nonextrusible 
penis, fig. 7, indicates a juvenile, while an extrusible 
penis, fig. 8, indicates an adult. Lack of the male sex 
hormone in castrated male No. 59, which was discussed 
above, resulted in a penis that was nonextrusible when 
the animal was 22 months of age. The effect of pre- 
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cocious sexual development, and presumably higher 
than average levels of the male sex hormone, on en- 
largement of the preputial orifice was shown by male 
No. 207 and male No. 308. Both were reared as pets. 
Male No. 308 had an extrusible penis at 5 months of 
age and an adult type baculum at 11 months of age, 
fig. 5. Male No. 207 had an extrusible penis when first 
examined at 9 months of age. He had an intermediate 
type baculum at 10 months of age, fig. 3. Although 
the penis is not a reliable character for aging male 
raccoons reared in captivity under all conditions, it is 
valid for separating wild males into two age classes, 
juveniles and adults, during the hunting and trapping 
season in Illinois. 

Although ossa clitoridae are present in some female 
Rinker 1944). Ages 
of females may sometimes be estimated on the basis of 
certain other sexual characters. 


raccoons, they do not indicate age 


For example, most nulliparous females are juvenile 
and all parous females are adult during the hunting 
and trapping season in Illinois. Most nulliparous fe- 
males may be recognized by their tiny, nonpigmented 
nipples. The nipples of parous females are longer; most 


of them are dark, but some are nonpigmented (Sander- 


son 1950:397). Observations made on captive raccoons 
indicate that virgin females which become pseudopreg- 
nant have nipples indistinguishable from those of parous 
females. These animals may be distinguished from 
-parous females by the lack of placental scars in their 
uteri. Few of these animals are found in the wild; 
however, they do occur, and the only way they can be 
aeeated from the parous females is by an examina- 
tion of the uteri. During four recent fur seasons in 
‘Tilinois (1956-1959), uteri from 207 females that ap- 
peared to be parous on the basis of nipple development 
were examined, and 7 (3 per cent) had no placental 
scars. 


DISCUSSION 


Petrides (1959:249) reported that raccoons “in their 
first winter definitely can be identified as such where 
X rays of the distal ends of the radium and ulna dis- 
close the epiphyses to be distinct and not fused with the 
shafts of those bones. Animals in their second and 
subsequent winters have epiphyses joined with the di- 
aphyses.” Data presented in the present paper indicate 
that this conclusion needs modification for application 
in Illinois. Of the Illinois raccoons examined during 
hunting and trapping seasons, all individuals with 
broad epiphyseal plates were in their first winter except 
one female, and all those with no epiphyseal cartilage 
were 16-22 months of age or older; however, several 
animals 16-22 months of age, and some even older, had 
thin epiphyses, which presumably would place them in 
their first winter according to the finding of Petrides, 
who apparently did his research on Ohio raccoons. 

All male raccoons and 44 of 45 female raccoons 
with broad epiphyses were 15 months of age or younger 
at the time of examination, but 82 per cent of the males 
with thin epiphyses were 13-19 months of age and 61 
per cent of the females with thin epiphyses were 14-19 
months of age. Some males still retained thin epiphyses 
when 27 months of age, and one female with thin 
epiphyses was at least 42 months old. Presumably, all 
of these animals would be placed “in their first winter” 
by Petrides’ method of aging. 

The hunting and trapping season for raccoons in 
Illinois has been within the period October 15—January 
31 for the past several years. Many other midwestern 
states have open seasons covering approximately the 
same period. Because, in the northern half of Illinois, 
most raccoons are born in April and few, if any, earlier 
than March or later than June, table 1, the raccoons 
encountered here during the hunting and_ trapping 
season are either juveniles of about 4-10 months of age 
or adults 1 or more years older. No juveniles are more 
than 11 months old at the end of the hunting season. 
Rarely are adults less than 15.5 months old at the be- 
ginning of the hunting season. The earliest age at 
which broad epiphyses were found to disappear in 
northern Illinois raccoons was 13 months, tables 4 and 
5. The oldest age at which they were observed was, 


with one exception, 15 months, table 5. The exception, 
a female of 17 months, was parous, and her elongated 
nipples identified her as an adult. 

Thus, during the hunting and trapping season, the 
epiphyseal plates of the radii and ulnae give an almost 
infallible method for identifying northern Illinois rac- 
coons, both males and females, both living and dead 
animals, as juveniles or adults. With few exceptions, 
any raccoon found with broad epiphyses during the 
hunting and trapping season in the northern half of 
Illinois is a juvenile; any raccoon found without broad 
epiphyses is an adult. Examination of entire animals 
will help to eliminate the few incorrect age classifica- 
tions that might result if classification were based on 
epiphyses alone. 

Although the epiphyseal plates provide a_ useful 
method for aging both male and female raccoons, living 
or dead, in all but a few cases classification to juvenile 
or adult in dead males can be more easily accomplished 
by examining the bacula. 

Bacula from captive and from wild raccoons gener- 
ally showed similar rates of development, although there 
was considerable individual variation in size and con- 
formation, figs. 4-6. When the rate of development 
differed between captive and wild raccoons, the more 
rapid rate occurred in the captive animals. Perhaps 
the extra illumination and more nutritious diet given 
some males reared as pets are responsible for precocious 
sexual development and result in earlier development 
of the penis bone. Observations made on captive males 
indicate that those males which are sexually mature in 
their first year tend to have bacula which approach the 
adult condition. The penes of such males are extrusible 
at earlier ages than are those of males which are not 
sexually mature until nearly 2 years of age. 

In addition to affecting the development of the 
baculum, castration in males may delay closure of the 
epiphyseal cartilage slightly, but this delay is not as 
pronounced as the delay in the development of the 
baculum. Determination of the effects of castration on 
epiphyseal closure merits further study. 

The time of closure of epiphyses in females is close 
to that in males; however, epiphyseal closure occurs 
later in some females than in males or in other females, 
tables 4 and 5. Closure may be later in females that 
mate for the first time when approximately 10 months 
of age than in those that mate for the first time when 
approximately 22 months of age. Although some evi- 
dence supports this possibility, the data are insufficient 
to be conclusive. 


SUMMARY 
1. Several raccoons of known ages were kept in out- 
door cages and various characteristics associated with 
age were studied: body weight, degree of ossification 
of the epiphyseal cartilage of the radius and ulna, and, 
for the male, the size and the degree of ossification of 
the penis bone. 


2. A graph based on weights of raccoons of known 
ages was constructed. Weights on the graph were used 
as guides for estimating the ages of wild raccoons 
weighing less than 7 pounds. 

3. X-ray photographs were made of the radii and 
ulnae of raccoons of known ages. Photographs showing 
the condition of the epiphyses (broad, thin, or closed) 
were used as guides for aging wild raccoons, both male 
and female, live and dead. 

4. Penis bones of dead males of known ages were 
collected and studied. Size and degree of ossification of 
these bones were used as guides for aging wild raccoons. 

5. The average date of birth calculated for raccoons 
in the wild was used to arbitrarily assign an age to a 
raccoon found by X-ray of epiphyseal cartilage or other 
aging method to be a juvenile where (1) the body 
weight was not available, (2) the animal weighed more 
than 7 pounds, or (3) the animal was caught after 
November 1. The average date of birth for 17 litters 
conceived in the wild in the northern half of Illinois 
was April 16; the earliest date was March 9, the latest 
June 10. 

6. No significant weight differences were found be- 
tween males and females of the same ages, even though 
birth weights and growth rates differed among  indi- 
viduals. 

7. Thirty-five of 35 intact male raccoons with broad 
epiphyses were 15 months of age or less; 14 (82 per 
cent) of 17 males with thin epiphyses were 13-19 
months of age. Eleven of 13 males (85 per cent) with 
closed epiphyses were 16-21 months of age. 

8. Forty-four of 45 intact female raccoons with 
broad epiphyses were 15 months of age or less; 14 (61 
per cent) of 23 females with thin epiphyses were 14-19 
months of age, and | with thin epiphyses was 31 months 
of age. Six females 19-30 months of age had closed 
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epiphyses. In two additional females the epiphyses 
closed when one was a minimum of 39 months and the 
second a minimum of 42 months of age. 

9. The condition of epiphyses during the hunting 
and trapping season in Illinois was found to furnish an 
adequate means for separating raccoons, both males 
and females, living and dead, into two age groups, 
juveniles and adults. 

10. The size and condition of penis bones, as de- 
scribed in a previous study, were found useful in dis- 
tinguishing juveniles from adults in dead males. 

11. Castration of young males resulted in relatively 
slow growth and abnormal development of the bacula 
due to lack of the male sex hormone and appeared to 
have a slight effect on the age at which the epiphyses 
closed. The effect of castration on the baculum was first 
apparent when an animal was between 7 and 10 months 
of age. 

12. A method of aging described several years ago 
and based upon whether the penis can be easily ex- 
truded through the preputial orifice was still found to 
be useful in distinguishing adults from juveniles in liv- 
ing and dead males during the hunting and trapping 
season. ; 

13. All parous females examined during the hunting 
and trapping season in Illinois were adults. 

14. Seven females which would have been classified 
as parous on the basis of the nipples alone had no 
placental scars. These were probably animals which 
became pseudopregnant during the first mating season 
following their birth. 

15. Although the epiphyseal plates were found to 
provide a useful method for aging both male and female 
raccoons, living and dead, in all but a few cases classi- 
fication to juvenile and adult in dead males can be 
more easily accomplished by examining the bacula. 
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